Nematodes are incredibly abundant throughout the world, accounting for up to 80% of all known animals.
MATERIALS AND METHODS
Extraction and Isolation P. ostreatus (FR.) KUMMER Y-1 were grown in yeast molt agar (YMA; 4 g/l yeast extract, 10 g/l malt extract, 4 g/l glucose, 18 g/l agar) culture medium at 27°C. Through the use of an ultrasonic device over a 2 h period, fresh whole P. ostreatus (81.2 g) were extracted with 50% methanol (5.6 l) at room temperature. Subsequently, we evaporated the extracted solvent under a reduced pressure, resulting in a 453 mg extract, which was then re-suspended in a water-acetone mixture (1 : 9) . The water-acetone mixture was evaporated under reduced pressure to give a 404 mg residue. The residue was passed through a Diaion column (HP-20; Mitsubishi Chemical Corporation, Tokyo, Japan), and eluted with water, followed by 50% and then 100% methanol, in turn. The 100% methanol eluate was separated by high-performance liquid chromatography (HPLC) purification that used 80% methanol at a flow rate of 0.8 ml/min. Overall, the purification yielded 1.94 mg of a nematotoxic substance (t R ϭ40.0 min). In addition, we also performed an examination of the anti-nematode activity at each stage of the separation.
Chemical Experimental Procedures
1 H-and 13 C-NMR spectra were obtained using a JEOL AL-400 spectrometer (d (ppm), tetramethylsilane (TMS)). The high-performance liquid chromatograph was equipped with a diode array detector (SPD-M10A; Shimadzu, Japan) and a YMC-Pack ODS-A column (150ϫ4.6 mm internal diameter) that was located inside of a 40°C column oven. A Diaion column (HP-20; Mitsubishi Chemical Corporation, Japan) was used for the column chromatography performed at room temperature.
Subculture of Free-Living Nematodes The subculture medium used for the free-living nematodes (Diplogastridae) was comprised of a 0.01% bean curd lees extract, (which was the main nutrient), 1.0% agar powder and 0.1% nutrient agar at 27°C. The subculture of the nematodes successfully yielded stable larvae, which enabled us to collect a sufficient number of larvae for use in all of the subsequent experiments. 6) Scanning Electron Microscopy of Mycelia P. ostreatus was inoculated onto membrane filters that were placed on agar. The fungus was incubated for 7 d at 27°C, after which the nematodes were added, followed by further incubation at 27°C. Mycelial knobs that grew on the filters were scraped off and smeared onto carbon double-sided tape that was stuck to a specimen mount. For scanning electron microscopy (SEM), specimens were sputter-coated with carbon and then gold (150 Å), followed by viewing with the scanning electron microscope (VE-7800; Keyence Co., Ltd., Japan) at an acceleration voltage of 20 kV (vacuum: 30 Pa).
Nematotoxic Activity Test Hydrogen peroxide (H 2 O 2 ) solution and linoleic acid standard were purchased from WAKO (Japan). Linoleic acid was dissolved in a 1% ethanol/ water solution. A microplate (Nalge Nunc) was used to culture the nematodes (about 100 larva/well) in phosphate buffered saline (Ϫ) (PBS; 137 mM NaCl, 8.1 mM Na 2 HPO 4 · 12H 2 O, 2.68 mM KCl, 1.47 mM KH 2 PO 4 , pH 7.4). The nematodes were then maintained in an incubator set at 27°C. Nematode motility after exposure to the test compound was evaluated by using the scoring system developed by Kiuchi et al. (data not shown).
7) The anti-nematode activity (the shrinkage of the nematode head) was measured by the observation which used the optical microscope (CK2, Olympus, Japan).
RESULTS AND DISCUSSION
After normal cultivation conditions for P. ostreatus mycelia, spherical knobs were observed for P. ostreatus by both optical microscopy and scanning electron microscopy (Figs. 1A, B) . 8) Under similar conditions, it was also possible to view P. ostreatus being preyed upon by a nematode when using an optical microscope (photograph not shown). Since we found that it was possible to view spherical knobs and this behavior, we continued to use P. ostreatus in further research performed under identical experimental conditions.
The diameter of the average knob was about 10 mm (Fig.  1A) . Since it was difficult to obtain single knobs, we employed an extraction procedure that used the whole mycelia. When using the extraction and separation methods that were detailed in Materials and Methods, we were able to observe the anti-nematode activity that caused the head to shrink. This nematode is a state of paralysis. Compared to a normal nematode death (Fig. 1D) , the dead nematode's that had been exposed to P. ostreatus were clearly different, with the front portion observed to have shrunk from nerve ring (anti-nematode activity) (Fig. 1C) . After that, these nematodes become like the state of Fig. 1D by progress for about 6 h. A single compound was isolated from a fraction that was separated out during the indexing of the anti-nematode activity (the shrinkage of the head of the nematode). A comparative NMR spectroscopy analysis that used standard compounds determined the substance to be linoleic acid.
When a subsequent examination of the anti-nematode activity (the shrinkage of the head of the nematode) was performed using a standard linoleic acid compound, an immediate effect was not observed. However, when the anti-nematode activity examination was performed when using a linoleic acid solution that had been preserved for several days, there was an immediate effect noted. This suggests that the peroxide of linoleic acid was responsible for the majority of the anti-nematode activity (the shrinkage of the head of the nematode). Thus, a further examination was performed using the linoleic acid standard. Linoleic acid was dissolved in a 1% ethanol/water solution. The maximum activity of a fresh 1 mM linoleic acid solution with respect to the reduction in the nematode head size was observed between 2 and 4 h after administration of the solution (Fig. 2A) . This indicates that a peroxide of fatty acid is responsible for the results observed. It has been previously reported that linoleic acid is a compound which can easily cause automatic oxidization. 9) Moreover, in the current study, when we used a hydrogen peroxide solution (1 and 10 mM) during examination of the anti-nematode activity, the same phenomenon was observed at 10 mM hydrogen peroxide (Fig. 2B) . Therefore, this suggests that the peroxide of the linoleic acid plays a role in the anti-nematode activity of P. ostreatus. Peroxide can instantaneously stop nematode activity. As shown in Figs. 1E, F, the reductions in head size caused by linoleic acid and hydrogen peroxide were very similar.
Linoleic acid is a compound that has been reported to easily cause an automatic oxidization. However, in order to for a prompt automatic oxidization of linoleic acid to occur, a temperature of approximately 50°C or higher combined with sufficient oxygen are required. Our anti-nematode activity examination was performed at 27°C, which is suitable for nematode growth. Within PBS (Ϫ) a small amount of oxygen occurs naturally and therefore, a certain amount of time is required before any activity can occur. Although the current experiment was conducted by distributing a solution of linoleic acid, in nature, the anti-nematode activity is related to a high-concentration of linoleic acid that is derived from the spherical knobs with the subsequent reaction occurring quite quickly. Furthermore, the anti-nematode reaction is thought to be not only due to linoleic acid involvement, but also may occur due to the participation of other unsaturated fatty acids. We theorize that in P. ostreatus, the spherical knobs break upon contact with a nematode and emit linoleic acid. Subsequently, auto-oxidation converts linoleic acid to linoleic acid peroxide, which then paralyzes the nematodes. Given that there are also many other unsaturated fatty acids besides linoleic acid that are contained in P. ostreatus, it is possible that other unsaturated fatty acids could be converted to peroxides. 10) While oxygen free radicals, such as peroxide, are highly reactive, they also decompose quite quickly. Thus, this provides P. ostreatus with a high degree of control over the oxygen radicals, thereby allowing for its effective use in the inactivation of the nematodes to a predation sake.
We can learn much from observing naturally occurring defense mechanisms. However, in order to be able to control, as well as use these mechanisms, we first need to find a way to clarify the details of such phenomena. In the current report, we were able to elucidate the role that peroxide plays, and in the future, we might be able to develop an effective method that can be used to exterminate detrimental nematodes.
